Sudden events and sharp discontinuities in the external world act as powerful attention attractors in adult humans. Does this reflex-like orienting towards targets deviating from their surround occur in early infancy? Here, we present evidence that, during the first months of life, infants orient preferentially towards repetitive visual patterns, rather than towards uniquely deviating targets. At 3-4 years of age, toddlers show an adult-like pattern of preferences. The transition from the infantile to the adult-like preferences occurs after the end of the first year of age. This development is parallelled by the emergence of novel neural and cognitive mechanisms. These maturational events might reflect the remodeling of the human brain during the transition from infancy to toddlerhood.
Introduction
We all have visual preferences. We could spend hours regarding a blossoming cherry tree, the slowly moving white clouds on the deep blue summer sky, the flaming colors of the Indian summer, or the sparkling of elaborate fireworks. But sudden changes and sharp discontinuities in a visual scene act powerfully in interrupting our reverie, in attracting our visual attention and guiding an appropriate orienting reaction.
In everyday life, objects containing particular attributes are rapidly and effortlessly extracted out of a cluttered visual scene. Previous studies demonstrated that very young infants orient spontaneously towards items larger or darker than the surrounding items. However, they do not orient towards single items differing from their surround by a contrast in line orientation (Atkinson & Braddick, 1992; Salapatek, 1975; Sireteanu & Rieth, 1992) or towards targets containing items smaller than those in the surround ( Salapatek, 1975; Sireteanu, 2000; Sireteanu, Encke, & Bachert, 2005) . These results suggest that orientation and saliency might not be attentional attractors in the infant visual world.
In the present study, we investigated the spontaneous preferences of infants and toddlers for items with different visual attributes. We used items known to act as attentional attractors in adult observers. To assess the infantile visual preferences, we used a forced-choice preferential-looking procedure. We reasoned that a spontaneous preference for a given item presented in a surround of differing items might be interpreted as evidence that this item acts as an attentional attractor over the surrounding items.
The selection of the visual targets was based on the ''visual primitives" defined by visual search tasks in adult observers. In a visual search task, subjects are required to search for a target item amidst a number of distractors. If the time needed to locate these items is independent of the number of distractors, the search is called parallel; the targets are said to ''pop-out" from the surround. Items supporting a parallel search are called ''elementary visual features". Search for items without a feature proceeds serially, through an effortful deployment of attention to each item, or group of items, in turn (Treisman & Gelade, 1980; Treisman & Gormican, 1988) .
Visual search in adult observers might be asymmetric, according to whether an item serves as a target or as a distractor (Treisman & Souther, 1985) . Examples of elementary ''features" are a circle with a gap amidst complete circles (feature ''gap"); a circle with an added line (''Q") amidst plain circles (''O"s; feature ''added line"); a pair of converging lines amidst pairs of parallel lines (feature ''convergence"); or a tilted line amidst vertical lines (feature ''tilt"). Under some circumstances, visual search for targets without a feature can become parallel after prolonged training (Leonards, Rettenbach, Nase, & Sireteanu, 2002; Sireteanu & Rettenbach,1995 . However, a ''parallelized", learned search, does not become effortless even after extensive practice (Leonards, Rettenbach, & Sireteanu, 1998) , thus supporting studies which discern between effortless and parallel search (Wolfe, 1992) . Recent work has shown that an asymmetry in visual search can be diminished, reversed, or even created by manipulating the background on which the stimuli are presented (Rosenholtz, Nagy, & Bell, 2004 In the present study, we investigated whether this preference for a deviating item is present in early infancy. We found that, while toddlers spontaneously prefer a deviating item over a background consisting of a repetitive array of items, as expected from adult observers, infants under one year of age show consistent preferences for the repetitive background. These findings suggest that infants enter the world equipped with mechanisms which enable them to respond to the most frequent, rather than the least frequent, perceptual event. It is only after one year of age that this early preference is replaced by a strong preference for deviating perceptual targets.
Parts of the data in this study were presented in abstract form (Sireteanu, Wagner, & Bachert, 2001; .
Materials and methods

Subject recruitment
The subjects were infants between 2 and 12 months of age and toddlers and young children between 12 and 60 months of age. They were recruited by leaflets distributed in general practitioners' practices or by word-of-mouth. Informed consent was obtained from the caretakers of the subjects after the purpose and nature of the study had been fully explained. The parents were reimbursed 10;-€ for their participation. The experiments had been approved by the Local Ethical Commission and were conducted in accordance with the tenets of the Declaration of Helsinki.
Procedure
We used a forced-choice preferential-looking procedure (cf. Teller, Morse, Borton, & Regal, 1974) . The attention of the subject was attracted by an observer towards a rectangular opening in a gray wooden puppet theatre, after which a stimulus card was presented. The distance from the infant to the center of the card was 57 cm. Each card could be presented with the discrepant target either on the right or the left. A small peep-hole was hidden in one of the contours of the stimuli at the center of the card. The observer, masked to the identity of the card and the side of presentation of the target, watched the subject's reaction through this peep-hole. The observer's task was to give an integrated judgement on the side of location of the target, based on any cue from the infant. Each infant was tested in a single experimental session. The data were cumulated over at least 12 subjects in each age group. Each age group contained an approximately equal number of girls and boys.
Stimuli
The stimuli were adapted from the Teller Acuity Cards (McDonald et al., 1985) . They consisted of custom-made; white cardboard cards, 25 cm high and 56 cm wide. In the main experiments; a target item was presented on one side of the card, amidst an array of 15 randomly arranged distractors (for examples, see Figs. 1A and 2A) . Target and distractors were black (12 cd/m 2 ), luminance of the background was 106 cd/m 2 .
Michelson contrast was 79.6%. The stimuli were a circle with a gap of 90°presented amidst complete squares; a complete circle amidst circles with a gap (the gaps pointed in random directions); a square with a missing side amidst complete squares (the line endings of the broken square could point vertically or horizontally); a complete square amidst squares with a gap (the line endings of the broken squares could point either in randomly arranged directions, or all in the same, vertical direction); a single vertical or horizontal line amidst complete squares; a single square amidst an array of lines of different (vertical or horizontal) orientations; a patch of a vertical square-wave grating of higher (respectively, lower) spatial frequency amidst patches of grating of lower (respectively, higher) spatial frequency (for examples, see Figs. 1A and 2A) .
The circles with gap were created by cutting 90°sectors out of the complete circles. The openings could point in one out of four diagonal directions (possible missing sectors: 0-90°; 90-180°; 180-270°; 270-360°). The squares with gap were created by eliminating one of the sides of a complete square. Again, there were four resulting varieties of the broken square (openings pointing upwards, downwards, inwards and outwards). The single lines could be horizontal or vertical. All varieties were presented with equal frequency.
The diameters of the circles were 2.5°, the sides of the squares and the lengths of the single lines were also 2.5°. The thickness of the contours of the stimuli was always 0.4°. The sizes of the spatial frequency patches were 2.5°Â 2.5°. The lower spatial frequency patches had 1.2 c/deg, the higher spatial frequency patches 2.4 c/deg. Mean luminances for the low-spatial frequency and the high-spatial frequency patches were identical. All targets were centered at 20°eccentricity.
In the control experiment, only two items were presented, one on each side of the card: a circle with a gap paired with a complete circle, or a square with a gap paired with a complete square. The circle with the gap and the square with the gap could be presented in the four different varieties. The sizes and positions of these items were identical to those of the targets in the previous experiments. 
Experimental subjects
The subjects were tested in three experimental waves. In the first wave, only the tasks of Experiment 1 were included. The stimuli of this experiment were a circle with a gap amidst complete circles (task ''circle-with-gap") or a complete circle amidst circles with a gap (task ''complete circle"). The results of this experiment are based on data from 95 subjects in six age groups (5-7, 7-9, 9-12, 12-24, 24-42 and 42-60 months) . Each group contained 16 infants, with the exception of the first group, in which 15 infants were included. The mean ages of the groups were 6, 8, 10, 18, 36 and 48 months (see Table 1 ).
In the second wave of experiments (Experiments 2, 3 and 4), further 84 subjects were tested. The stimuli of these experiments were ''square-with-gap" (Experiment 2); ''lines-in-squares" (Experiment 3), and ''spatial frequency contrast" (Experiment 4). The line endings of the targets ''square-with-gap" and ''single line" could be presented in two different orientations (horizontal or vertical). In both cases, the results were averaged over the two varieties. The open squares in the background of the task ''square-with-gap" could be presented with the line endings pointing all in the same, vertical direction (''aligned line endings"), or in different directions (''mixed line endings"). We thus had nine different stimuli in each experimental session. The stimuli were presented in randomized order. The result of Experiments 2, 3 and 4 were based on subjects belonging to seven age groups: 2-4, 4-6, 6-8, 8-10, 10-12, 12-24 and 24-45 months. Each age group contained 12 infants. The mean ages of the groups were 3, 5, 7, 9, 11, 18 and 36 months. To enable a comparison with the data of the first experiment, the data of the 5-and 7-month-olds, and again those of the 9-and 11-month-olds, were collapsed, rendering groups of 24 infants each. The resulting mean ages were 3, 6, 10, 18 and 36 months (see Table 2 ).
The final experiment (Experiment 5) was a control experiment, in which further 48 infants under one year of age were tested with the task ''single items". The stimuli consisted of cards, each containing a pair of single items, one on each side of the card (a circle with a gap paired with a complete circle, or a square with a gap paired with a complete square). On each card, the opening could point in one of four different directions, totalling 8 stimuli for each experimental session. For each target, the preferences were averaged over the four varieties. Each subject was tested with all stimuli, in randomized order. The results of this experiment are based on data from infants belonging to four age groups (2-4, 4-7, 7-10 and 10-13 months). Each group contained 12 infants. Mean ages were 2.5, 5.5, 8.5 and 11.5 months (see Table 3 ).
Each subject was administered a complete orthoptic and refractive examination, performed by a professional orthoptist. Only healthy, full-term subjects without neurological or ophthalmological abnormalities were included in the study. Part of the children in Experiments 2-4 participated also in a separate study, in which we investigated the pragmalinguistic development (Wagner, 2004; . To ensure a good performance of the children, the orthoptic and pragmalinguistic tests were performed only after completion of the visual tests. Overall drop-out rate due to fussiness or technical problems was extremely low (well under 5%), presumable due to the relative easiness of the experimental situation (testing in a well-illuminated room; continuous verbal contact with the experimenter; short testing time).
Data processing and statistics
For each experimental group, we calculated the percentages of infants for whom the judgement of the observer matched the correct position of the target. In all experiments, the results were deemed significant if the cumulated preference score of an experimental group differed statistically significantly from chance (50%). In the first four experiments, only one answer could be obtained for each infant (the judgement of the observer either matched the correct position of the target, or indicated a preference for the background); therefore, statistical significance was calculated using a chi-square test (p < 0.05; df1). A fourfold test was also used to explore the differences between the correct responses of the youngest and the oldest age groups in each of the first four experiments. Since in Experiment 5 there were four possible presentations for each target item, statistical significance was calculated using a two-sided Student t-test. In all cases, the results were considered statistically significant if p < 0.05. To render the data more intuitive, in the graphical illustrations we subtracted 50% from the averaged score of each age group. Thus, if the response of the observer matched the position of the target, the preference score was positive; if it was opposed to it, the score was negative. Positive preferences indicate more frequent orienting towards the discrepant target, negative preferences more frequent orienting away from the target. Responses ranged from À50% to +50%.
Results
Experiment 1: task circle-with-gap
Adult observers show parallel visual search for a circle with a gap amidst complete circles, but not for a complete circle amidst circles with a gap, thus suggesting that the attribute ''gap" (or line endings) is an elementary feature for normal adult vision (Sireteanu & Rettenbach, 1995; Treisman & Souther, 1985) . Based on this adult asymmetry, we questioned whether a circle with a gap might be spontaneously preferred over an array of complete circles by the infantile observers.
Example of the stimuli of this experiment is shown in Fig. 1A . The percentage of infants yielding correct responses are shown in Table 1 , percentages over chance are illustrated in Fig. 1B . As expected, at the highest ages tested (48 months), the children showed statistically significant, positive preferences for both items. The 36-month-old children also showed positive preferences for both targets. The preference for the circle with a gap was higher than that for the complete circle. For the 36-montholds, only preference for the circle with a gap was statistically significant.
Surprisingly, the youngest infants tested in this experiment (6-and 8-month-olds) did not show preferences for the circle with a gap presented amidst complete circles. Instead, they showed consistent negative preferences for this stimulus, meaning that they oriented consistently towards the background consisting of an array of complete circles. The negative preferences of the two groups of youngest infants differed statistically significantly from chance. The differences between the preferences of the youngest (6-and 8-month-olds) and the oldest subjects (36-and 48-month-olds) were also statistically significant (see Table 1 and green columns in Fig. 1B) .
Preference for the discrepant complete circle did not differ from chance in the youngest infants. It emerged after the end of the first year of age and increased steadily, but was still lower than the preference for the broken circle at 36 months of age, and became statistically significant only at 48 months of age (blue columns in Fig. 1B) .
It thus appears that the visual attribute ''gap" elicits a strong preference in toddlers, but not in infants. In contrast, infants, but not toddlers, show a strong preference for an array of closed circles. Together, these findings suggest that the pattern of preferences in early infancy differs qualitatively from that of the adult observers.
Experiment 2: task square-with-gap
The findings of the previous experiment raise the question whether the infantile pattern of preferences might be related to the repetitiveness of the array of complete circles, to their closedness, or to their smoothness. In the second experiment, we attempted to disentangle these possibilities, by replacing the circles by squares, which are closed, but not smooth.
The procedure of this experiment was identical to that of the previous experiment. The subjects were presented with cards containing either a square with a missing side amidst complete squares (task ''square-with-gap"), or a complete square amidst squares with a gap (task ''complete square"; see Fig. 2A ). In the first case, the target could be presented with the line endings pointing vertically or horizontally. The results were pooled over the two varieties. In the task ''complete square", the line endings in the broken squares of the background could point either in random directions (mixed line endings) or all in the same, vertical direction (aligned line endings).
The results of the previous experiment predicted that toddlers, but not infants, would show a preference for the discrepant item, regardless of the orientation of the line endings in the broken square. If infants showed a preference for a repetitive array, as predicted by the results of the previous experiment, they should prefer the side of the card containing broken squares with aligned line endings. Alternatively, if infants showed a preference for line endings, they should orient preferentially towards the side of the card containing broken squares, regardless of their orientation.
The percent subjects yielding correct responses are summarized in Table 2 , percentages over chance are shown in Fig. 2B . As expected, 36-month-old children showed a clear preference for the broken square amidst complete squares, and a lower preference for the complete square amidst broken squares, regardless of the orientation of the items in the background. Preference for the open square was statistically significant, while preference for the complete square showed a statistical trend towards a positive preference.
Consistent with the results of the previous experiment, the youngest infants tested in this experiment (3-month-olds) did not show a preference for the target ''broken square" (green columns in Fig. 2B ). They also did not have a preference for the background containing non-aligned line endings (blue columns in Fig. 2B ). But they showed a consistent negative preference for the complete square presented amidst broken squares with aligned line endings, thus confirming our expectation (red columns in Fig. 2B) . It thus appears that, while for 36-month-olds the nature of the background does not play a role, for the youngest infants it is decisive: a complete square does no elicit a consistent preference in the presence of a background containing line endings with mixed orientations, while a background containing aligned line endings is preferred.
There was a consistent overall increase in the preference scores for all items. The difference between the scores of the youngest (3-month-old) and the oldest subjects (36-months-old) were statistically significant both for the task ''broken square" (green columns in Fig. 2B ) and for the task ''complete square with aligned background" (red columns in Fig. 2B ), but not for the task ''complete square with mixed background" (blue columns in Fig. 2B ).
Taken together, the results of the first and the second experiment suggest that the visual attribute ''gap", respectively, the line endings in the broken items, does not elicit a spontaneous orienting in young infants. Repetitive contours act as attention attractors, especially if presented as a coherent group. It is not before 3 years of age that the children exhibit the adult-like pattern of preferences.
Experiment 3: task lines-in-squares
In the third experiment, we pitted single lines of mixed orientations against complete squares (task ''lines-in-squares"). In line with the previous experiments, we expected toddlers, but not infants, to orient preferentially towards a target containing line endings, in preference over an array of complete squares.
The percentages of infants for whom the observer's responses matched the correct side of the target are summarized in Table 2 . As expected, a positive score was obtained for 36-month-olds for all discrepant items, with a higher preference for the single line than for the single square. Both preferences were statistically significant. In contrast, 3-month-old infants showed a tendency to prefer the single square presented amidst lines of mixed orientations, but they did not have a preference for the single line presented amidst complete squares. The differences between the youngest (3-month-old) and the oldest subjects (36-month-old) were statistically significant for the task ''single line", but not for the task ''closed square in lines". Subjects of intermediate ages showed positive preferences for both discrepant items, none of which reached statistical significance. They also did not show consistent asymmetries, presumably because, at these intermediate ages, the different attentional attractors competed with each other.
These results confirm that line endings per se are attention attractors in toddlers, but not in the young infants.
Experiment 4: task spatial frequency contrast
One possible explanation for the results of the previous experiment could be that the 3-month-olds might have preferred the single square because of its higher content in lower spatial frequencies. Indeed, young infants show very low-spatial resolution and contrast sensitivity (cf. Atkinson, Braddick, & Moar, 1977; Banks and Salapatek; 1981) . The fourth experiment was designed to control for this possibility, by addressing directly the role of the spatial frequency of the stimuli.
In this experiment, the target stimulus could be a patch of a vertical, high-contrast grating of a lower spatial frequency amidst gratings of a higher spatial frequency (task ''low-spatial frequency"), or a patch of a high-spatial frequency amidst patches of a lower spatial frequency (task ''high-spatial frequency"). We reasoned that, if infants' preferences were determined solely by their low-spatial resolution, they should show a positive preference for the lower spatial frequency target. Otherwise, they should show positive preferences for both discrepant targets.
The percentages of infants yielding correct responses are shown in the last two rows in Table 2 . As expected, 36-month-olds showed positive preferences for both tasks, with a higher score for the target with the lower than for that with the higher spatial frequency. Only preference for the lower spatial frequency grating patch was statistically significant, while preference for the higher spatial frequency patch showed a positive trend, which did not reach statistical significance.
Three-month-old infants showed the same pattern of preferences, but with a more pronounced asymmetry than the older children. They showed a statistically significant, positive preference for the lower spatial frequency grating patch, and a positive trend for the higher spatial frequency patch. As in Experiment 3, subjects of intermediate ages showed more variable results. Nevertheless, they showed positive preferences for the discrepant patch, which in some cases reached statistical significance (for instance, the preference for the higher spatial frequency grating at 4-8 months of age; see Table 2 ). Taken together, the two groups of the youngest infants showed statistically significant preferences for both items. None of the differences in preference between the youngest (3-month-old) and the oldest subjects (36-month-old) reached statistical significance.
These results suggest that even the youngest infants can detect a difference in the spatial frequency content of visual images. The discrepant patch always yielded a positive score, especially if its spatial frequency was lower than that of the background. Thus, the results of the previous experiments cannot be explained solely on the basis of the spatial frequency content of the stimuli.
Experiment 5 (control experiment): preference for single items
To control for the possibility that the results of the first two experiments might have been due to idiosyncratic preferences of the infants for particular attributes of the target items, we performed a control experiment, in which just one item (a single closed vs. a single open circle or square) was presented on each side of the card. The target items could be presented with the openings pointing in four different directions (for the broken circle, the openings could point in the four diagonal meridians (the missing sector could be 0-90°, 90-180°, 180-270°, or 270-360°); for the broken square, the line endings pointed upwards, downwards, inwards or outwards). The sizes and positions of the single items were identical to those of the target items in the previous experiments. Table 3 shows the means and standard deviations of the percent infants yielding correct responses, always for the target with a gap. Throughout the first year of life, we found no preferences for any of the target items. None of the preference scores differed statistically significantly from chance. Thus, we conclude that the results of the previous experiments cannot be explained by spontaneous preferences of the infants for particular attributes associated with the single target items.
Discussion
Evaluation of the results
Our results demonstrate that toddlers between 3 and 4 years of age show asymmetric spontaneous preferences for discrepant target items. Their preferences are consistent with the patterns of preferences shown by adult observers in visual search tasks (Sireteanu & Rettenbach, 1995; Treisman & Gelade, 1980; Treisman & Gormican, 1988; Treisman & Souther, 1985; Treisman & Souther, 2000; Wolfe, 1992) . Thus, the orienting behavior of the 3-to 4-year-olds suggests that their attentional mechanisms might have reached the adult level.
In contrast, infants under one year of age show spontaneous visual preferences which are qualitatively different from those of adult observers. Infants do not prefer the deviating targets which elicit a preferential orienting in older subjects, but rather orient towards repetitive patterns (an array of complete circles, an array of broken squares with aligned line endings).
These findings cannot be explained by the spatial frequency content of the stimuli. Neither can the results be explained by spontaneous preferences for certain items. One might argue that the mean ages of the groups of infants included in our control experiment (Experiment 5) are not identical to those of the previous experiments (Experiments 1-4) . Still, we think that our conclusion is warranted, since the mean ages of the infants in Experiment 5 spanned over a larger range, and thus included the ages of the infants tested in Experiments 1-4. Since there was no change from 2.5 to 11.5 months of age, a preference for one of the target items at the ages tested in the first four experiments is extremely unlikely.
The possibility that the infantile pattern of preferences might be explained by a preference for items containing a higher amount of contour (Banks & Ginsburg, 1985; Salapatek, 1975) can definitely be ruled out: while complete circles have indeed more contour than broken circles, aligned broken squares have less contour than complete squares, but still are clearly preferred. Moreover, aligned and mixed broken squares have exactly the same amount of contour, and yet, only the aligned broken squares are preferred by the young infants.
The infantile preferences also cannot be explained by the presence of line endings: an array of complete circles has no line endings, yet it is strongly preferred, while an array of broken squares, in spite of having multiple line endings, is not preferred, as long as these endings are not aligned. Moreover, the results of the control Experiment 5 show that these findings cannot be attributed to idiosyncratic, spontaneous preferences of the infants for single items. Rather, they seem to be due to a genuine infantile preference for repetitive visual patterns.
One might wonder why the strong preference for the background made of complete circles in Experiment 1 was not replicated when the background consisted of an array of complete squares (Experiment 2). It seems that the pattern made of the round and smooth closed circles is more efficient in capturing the infants' attention than the pattern of complete squares; on the same line, the pattern of broken squares with aligned line endings seems to be particularly suited as an attentional attractor. This might also explain why we did not see negative preferences in Experiments 3 and 4, in spite of the repetitive backgrounds.
Relationship to previous studies
Previous studies have shown that 3-to 4-month-old infants are able to discriminate visual stimuli which generate a pop-out in adult observers (Colombo, Ryther, Frick, & Gifford, 1995; RoveeCollier, Hankins, & Bhatt, 1992) . However, since these studies used operant conditioned responses, they did not indicate whether infants show a spontaneous preference for such stimuli. Recently, Adler and Oprecio (2006) reported that infants as young as 3 months of age show a flat search curve for eye movement latencies, when tested with an ''+" embedded in ''L"s, and increasing latencies for an array of ''L"s. The authors interpret their findings as evidence for a pop-out in 3-month-old infants. Again, this study cannot be directly compared with ours, since eye movement latencies are not a direct measure of preference.
Negative preferences in early infancy might seem unusual, but they are not unique. In his review on early texture segmentation, Salapatek (1975) described negative preferences in 2-month-old infants for patches of horizontal lines, embedded in a regular texture made of squares with an identical size of their sides. Similar to our study, he found that 3-year-olds always showed a preference for the discrepant stimulus. Thus, he concluded that the transition rom the infantile to the adult-like preferences occurs between 2 months and 3 years of age, however, he did test intermediate ages (Salapatek, 1975) . In one of our earlier studies, we also found significant negative preferences in 2-month-olds for patches of textures made of blobs smaller than those of the surround, when paired with a background made of mixed small and large blobs; we also found that the positive preferences for discrepant patches occur after the end of the first year of age . Negative preferences were occasionally described for grating stimuli with high-spatial frequencies-although there is some debate about the occurrence of these negative preferences (Banks, Stephens, & Dannemiller, 1982; Held, Gwiazda, Brill, Mohindra, & Wolfe, 1979; Teller, Mayer, Makous, & Allen, 1982; Wolfe, Gwiazda, & Held, 1983) . The discrepancies between the different studies might be due to the different modes of presenting the stimuli.
Negative preferences could be interpreted as an aversive reaction of the infants for the target stimuli; however, in some cases they might indicate a positive reaction for the side of the display not containing the target.
One might wonder why negative preferences were not encountered more often. For instance, when testing for stereopsis or vernier acuity, preference for the discrepant, jagged side, over the side with regularly spaced bars, is monitored. An early, consistent preference for the repetitive side was never reported (cf. Atkinson. & Braddick, 1976; Zanker, Mohn, Weber, Zeitler-Driess, & Fahle, 1992) . One possible explanation could be that, like in our Experiment 3, the two sides of the stimuli in these experiments compete with each other. Such a competition might explain the relatively late development of fine stereopsis and vernier acuity, as compared to grating acuity.
Early preferences for repetitive perceptual objects
Our results suggest that infants come to the world equipped with brain mechanisms which allow them to detect-and show a preference-for the simultaneous presence of repetitive perceptual objects in the surrounding world. It is known that, from birth, babies show a novelty preference following familiarization with a stimulus; as they are learning a new stimulus, they may briefly show a familiarity preference (cf. Slater, 2004) . Our results suggest that infants might need to form templates, based on frequently occurring objects, before they gain the ability to appreciate and orient preferentially towards objects deviating from these templates. It is not before the end of the first year of age that infants depart from the infantile preferences for repetitive perceptual events, and start to adopt the adult-like preferential attending of a deviating, less frequent object in their immediate surroundings.
In previous studies, we found that, around the end of the first year of age, qualitative changes in visual preferences occur also for targets defined by orientation contrast (Sireteanu, 2000; Sireteanu & Rieth, 1992) , for visual targets made of small dots surrounded by larger dots (Sireteanu, 2000; Sireteanu, Encke, & Bachert, 2003; and for items defined by different contrast polarities: a black disk presented amidst white disks on a grey background elicits a strong orienting reaction, while a white disk presented amidst black disks on a similar grey background does not, in spite of identical contrast at their borders (Sireteanu, Bachert, Planert, & Pröhl, 2003; .
If these findings can be generalized to other modalities, they might explain the striking infantile preferences for frequently occurring perceptual events, like the human face (Gauthier & Nelson, 2001; Mondloch et al., 1999) , the maternal odor (Cernoch & Porter, 1985) , the maternal voice (DeCasper & Fifer, 1980) , the prosody of the maternal language (Moon, Cooper, & Fifer, 1993) , infant-directed speech (Cooper, Abraham, Berman, & Staska, 1997; Cooper & Aslin, 1990) , infant-directed songs and lullabies (Trainor, 1996) , and familiar over unfamiliar stories (DeCasper& Spence, 1986) . Three-montholds, but not newborns, prefer own-race faces (Kelly et al., 2005) .
Newborns have been shown to have a preference for speech sounds to which they were exposed prenatally (reviewed in Mehler et al., 1988 ; for recent views, see Vouloumanos & Werker, 2007a , 2007b . Newborns and 4-day-old infants were even shown to have a reliable preference for odors of chemicals (anise) which were consumed by their mothers during pregnancy (Schaal, Marlier, & Soussignan, 2000) . Thus, some learning (and subsequent preferences) occur already in the womb.
Similar to the preference for repetitive visual targets, preference for the human face declines over the first year of age (Johnson, Dziuraviec, Ellis, & Morton, 1991) . Discrimination of non-native lexical tones also declines over the second half of the first year of life, indicating substantial reorganisation in the infantile perception of speech (cf. Mattock, Molnar, Polka, & Burnham, 2007; Werker & Tees, 1984) . Thus, the changes in the pattern of infantile preferences might reflect a general reorganisation of the infant brain.
Preference for frequent perceptual events might reflect a parsimonious way of dealing with the wealth of information invading the infant: instead of genetically programming behaviors for attending a series of specific attributes in each perceptual modality, a single instruction ''watch for whatever occurs repeatedly: it might be important" would suffice. A second instruction of the kind ''once you know it, don't watch it" might explain habituation/novelty preference. Both behaviors might be supported by well-known, basic neural mechanisms, like habituation and sensitization. Of course, a preference for a suddenly appearing or a single conspicuous event in a scene-as in the case of singletons defined by a difference in luminance-has to prevail. We suggest that visual items which could be defined by a single peak in local energy might be sufficient to support attentional and oculomotor capture, and thus re-direct eye and head movements; in the case of multiple peaks, a competition between the different attention attractors might take place, which might explain the complex pattern of preferences at intermediate ages (for adult studies on attentional and oculomotor capture, see Irwin, Colcombe, Kramer, & Hahn, 2000; Theeuwes, De Vries, & Godijn, 2003) .
Postnatal development of visual attention
In adult observers, directing attention to an external perceptual event is based on activity in a widespread network of cortical areas, including regions in the dorsolateral prefrontal, the lower parietal and the upper temporal cortex, mostly on the right side of the brain; this activity impinges on a partially overlapping network in the occipital and lower temporal cortex (Corbetta & Shulman, 2002; Kastner & Ungerleider, 2000) . The cortical networks involved in directing spatial attention might emerge during the first postnatal months, with the onset of inhibition of return and shifts of spatial attention around 3 months of age (Atkinson & Braddick, 1985; Butcher, Kalverboer, & Geuze 1999; Clohessy, Posner, Rithbart, & Vecera, 1991 ; for an overview, see Atkinson, 2000) . Our findings suggest that the developmental changes occurring around the first birthday are part of a gradual developmental trajectory for attentional control. These mechanisms might not be entirely functional before the end of the first year of age, and possibly not yet adultlike before 2-4 years of age.
Neural mechanisms located on the same anatomical regions in the left side of the brain are known to be involved in language and communication skills (Damasio & Geschwind, 1984; Damasio, Grabowsky, Tranel, Hichwa, & Damasio, 1996; Hauser, 1996; Hauser, Chomsky, & Tecumseh Fitch, 2002) . These functions emerge around the same age; indeed, infants between 9 and 12 months of age begin to show robust intentional behavior. At this age, first signs of the communicative competencies responsible for bridging the gap between the early forms of joint attention and pointing and the social-cognitive and language skills of the later period occur (Carpenter, Nagell, & Tomasello, 1998; Tomasello, 1995 Tomasello, , 1999 . The simultaneous emergence of attention and communication skills suggests that they might reflect a common developmental strategy of the human brain.
In a separate study, in which we investigated the pragmalinguistic development in part of the children involved in Experiments 2-4 of this study, we found that, between 6 and 18 months of age, infants showed a smooth transition from exclusively non-verbal communication acts to an overwhelmingly verbal communicative behavior. Around the end of the first year of age, the infants showed the communicative competencies known to be the precursors of language (Peltzer-Karpf, Wagner, 2004) . We suggest that the concurrent emergence of the ability to segment a stimulus along different dimensions might signal a transition in the progression of the maturational events in the human brain, providing a platform for incipient cognition and language.
During the time at which these transitional events take place, the infant brain undergoes substantial remodeling. The number and density of synaptic contacts increases dramatically throughout the first postnatal months. In the visual cortex, synaptic density reaches a peak between 8 and 10 months and then declines steadily throughout the pre-teen years; other brain areas show similar, though not entirely identical developmental sequences (Huttenlocher, 1999; Huttenlocher & Dabholkar, 1997) . Neural connections between distant cortical loci emerge and evolve; feed-back projections from higher to lower cortical levels gradually become functional during the first postnatal years (e.g. Burkhalter, Bernardo, & Charles, 1993 ; for a review, see Sireteanu, 2001 ). These findings point to the emergence, around the infants' first birthday, of novel brain mechanisms, which enter the scene as mobility increases, in time to govern independent navigation in the outside world.
Conclusion
Children at three and four years of age show visual preferences consistent with predictions from adult visual psychophysics. They always prefer a discrepant target in a display, and they show an asymmetry in preferences, consistent with adult visual search. However, during the first months of life, infants orient preferentially towards repetitive visual patterns, rather than towards uniquely deviating targets. Transition from the infantile to the adult-like pattern of preferences might reflect the remodeling of the human brain during the transition from infancy to toddlerhood.
